The aim of the present study was to analyze the ultrastructural aspects of spermatogenesis in Phalloceros caudimaculatus, during cell proliferation. The parenchyma is organized morphologically as lobular restricted spermatogonial testis. Spermiogenesis in this species is characterized by four morphological stages of development (spermatids S1 through S4). The mature spermatids and spermatozoa heads are situated at the periphery of the cyst surrounded by the cytoplasm of the Sertoli cells. The germ cell's ultrastructure and spermatogenesis in P. caudimaculatus are very similar to that of other poeciliids.
INTRODUCTION
Phalloceros caudimaculatus (Cyprinodontiformes, Poeciliidae), popularly called "Guaru" (Machado et al., 2002) is a species of fresh-water fish that thrive along the entire Brazilian coast. P. caudimaculatus is mainly distributed throughout the states of Rio Grande do Sul, Rio de Janeiro, Espírito Santo, Bahia and São Paulo (Wolff et al., 2007) . Additionally, based on studies of biogeographical distribution of poeciliid performed by Hrbek et al. (2007) , the genus Phalloceros is mainly distributed in the Southern portion of South America.
Studies concerning the reproductive cycle of Poeciliidae, emphasizing the spermatogenesis, were performed by Fraile et al. (1992) and Koya & Iwase (2004) , featuring the structure of the Gambusia affinis restricted spermatogonial type testis. Fraile et al. observed that the reproductive cycle of G. affinis comprises two distinct periods: spermatogenesis, with cell proliferation and an increase in the gonadosomatic index, and testicular quiescence, characterized by the absence of cell proliferation and decreased testicular volume.
Regarding the organization and testicular spermatogenesis in teleosts, Grier & Uribe-Aranzábal (2009) described three distinct testicular types: anastomosing tubular testis, lobular restricted spermatogonial testis and lobular unrestricted spermatogonial testis. In the anastomosing tubular testis the germinal compartment and tubules form loops that are interconnected, from the periphery to the testicular duct region (Grier, 1993; Grier & UribeAranzábal) . In the lobular restricted spermatogonial testis the spermatogonia are confined in the distal lobes in the testicular periphery. However, in the lobular unrestricted spermatogonial testis the spermatogonia are distributed along the entire length of the testicular lobules (Parenti & Grier, 2004, Grier & Uribe-Aranzábal) .
In this study, we analyzed the morphological and ultrastructural aspects of testicular spermatogenesis of P. caudimaculatus during the cell proliferation period.
MATERIAL AND METHOD
Fifty adult specimens of Phalloceros caudimaculatus (Hensel, 1868) municipality of Botucatu, São Paulo, Brazil. These animals were killed with an overdose of 0.01% benzocaine (1 g of benzocaine in 10 L of 0.10% ethanol) and subsequently used for the following morphological studies.
Light microscopy. Samples of testes were fixed in Bouin's solution, embedded in paraplast (Oxford Labware, USA), sectioned at 5 µm, stained with haematoxylin-eosin, analyzed and documented with an Olympus BX50 light microscope (Olympus, Japan).
Electron microscopy. For transmission electron microscopy, testes tissue fragments were fixed for 4 h at 4ºC in a 4% paraformaldehyde and 2% glutaraldehyde solution in 0.1 M sodium cacodylate buffer, and postfixated for 2 h at 4ºC in 1% osmium tetroxide (pH 7.4). The fragments were dehydrated in acetone and embedded in Araldite resin (Durcupan ACM, Fluka, Sigma Aldrich, St. Louis, MO, USA). Resin polymerization was then completed in an oven at 60ºC for 48 h. Ultrathin sections (60 and 80 nm) were cut and transported to copper grids, contrasted with uranyl acetate and lead citrate, analyzed and then documented photographically with a Philips CM100 transmission electron microscope (Eindhoven, Netherlands). For scanning electron microscopy (SEM), the testes were: fixed in 2.5% glutaraldehyde, dehydrated in acetone, dried using the critical point method, gold sputter coated, and observed with a 515 Philips SEM, at the Electron Microscopy Center of the Institute of Biosciences of Botucatu, UNESP, Brazil.
RESULTS
The adult male P. caudimaculatus has a pair of fused ovoid testes located along the middle line of the body (Fig.  1A) . The testicular parenchyma is organized morphologically as lobular restricted spermatogonial testis. The germinal epithelium contained germ cells cysts bordered by Sertoli cells, (Figs. 1B and 1C) . The germ cells within each cyst undergo synchronous development. The spermatogonia are arranged separately, thus being characterized as primary spermatogonia, or in groups, in this case forming cysts of secondary spermatogonia (Fig. 1C) . Cysts of primary spermatocytes can be identified by the meiotic stages of their nuclei, with the formation of chromatin clumps and synaptonemal complexes (Figs. 1B and 1D ). However, secondary spermatocytes are difficult to identify. Spermiogenesis in P. caudimaculatus is characterized by four morphological stages of development (S1 through S4), based on the compaction and elongation of the nucleus (Fig. 1, E-I and Fig. 2, A-F) . The spermatids in S1 presented a round nucleus with irregularly condensed chromatin (Fig.  1, E-F) . In spermatids in S2 the nucleus became horseshoeshaped with dark chromatin located on the periphery. During this stage, the base of the nucleus was invaginated by a deep implantation fossa (Fig. 1, G-I) . The flagellum exhibited the classical axoneme structure consisting of nine peripheral microtubule doublets surrounding a central pair of microtubule doublets (9+2). The spermatids in S3 exhibited nuclei presenting an arrowhead shape, and spermatids in S4 exhibited nuclei which were elongated further (Fig. 2, A-H) . The mature spermatids (S4), and spermatozoa heads were situated at the periphery of the cyst, surrounded by the cytoplasm of the Sertoli cells (Fig. 2, H-I ).
The Sertoli cells in P. caudimaculatus had an oval or irregularly shaped nucleus and presented few organelles such as mitochondria and cytoplasmic residual bodies. These cells had cell-cell adhesive junctions constituted of adherens junctions and desmosomes (Fig. 2, G-I) . At the end of spermiogenesis, these adhesive junctions between the Sertoli cells is broken, opening the cysts, and allowing groups of spermatozoa, called spermatozeugmata, to be released into the efferent ducts (Fig. 1B) .
DISCUSSION
The testicular structure of P. caudimaculatus is similar to that reported in other poeciliid teleosts such as Poecilia reticulata (Billard, 1984) , Poecilia latipinna (Grier et al.,1980) , and Gambusia affinis holbrooki (Fraile et al., 1992) . The testicular parenchyma of P. caudimaculatus is of the lobular restricted spermatogonial type as described for derived teleosts, which includes atherinomorphs (Parenti & Grier; Grier & Uribe-Aranzábal) .
In P. caudimaculatus, the cytoplasmic extensions of the Sertoli cells form spermatogenetic cysts that envelope a single spermatogonium or a group of germ cells. According to Pudney (1995) , in Atherinomorpha primary spermatogonia occurs at the blind end of the lobule and undergoes several mitotic divisions before becoming associated with Sertoli cells to form cysts. As cysts mature they move down the lobule towards the efferent sperm ducts.
The testis of P. caudimaculatus during the summer (November 2002 to March 2003) exhibited cellular proliferation, with all phases of germ cell development present. However, the duration of the spermatogenesis and the degree of testicular enlargement in atheriniform teleost varied with the species and geographic location (Fraile et al.) . The germ cell ultrastructure and spermatogenesis in P. caudimaculatus are very similar to that of other poeciliids. The spermiogenesis process was characterized by four morphological stages of development (spermatids S1 through S4), as reported for Gambusia affinis holbrooki. In this species the primary spermatogonia and spermatozoa (S4 cells and spermatozeugmata) were observed throughout the entire year (Fraile et al.) . This finding has also been reported in Fundulus heteroclitus (Matthews, 1938) .
In P. caudimaculatus the spermatozoa heads are situated at the periphery of the cyst, surrounded by the cytoplasm of Sertoli cells, as reported for Poeciliidae (Grier et al., 1978; Grier, 1981; Fraile et al.; Pudney; Grier et al., 2005; Grier & Uribe-Aranzábal) . According to Grier & Uribe-Aranzábal sperm are bundled as spermatozeugmata and observed in the testis ducts of the viviparous species of atherinomorphs, Xenotoca eiseni (Goodeidae) and Poecilia latipinna (Poeciliidae). The sperm flagella course over the surface of spermatozeugmata in the species of Goodeidae, while sperm nuclei form the surface of spermatozeugmata in species of Poeciliidae (Grier et al., 1978; Grier, 1981; Grier et al., 2005) .
